T
his retrospective study evaluated the safety and efficacy of the forniceal conjunctival pedicle flap for repair of conjunctival-deficient tube erosions. Additionally, we report the split-lid technique, a procedural improvement if fornix access is difficult. We identified 15 eyes of 14 consecutive patients with complex tube erosions. The mean age was 72.8 years and 33.3% had diabetes mellitus. Most patients were functionally monocular and 80% had undergone 4 or more prior ocular surgical procedures. There was no difference between the following preoperative and postoperative values: visual acuity, intraocular pressure, or number of glaucoma medications. The mean follow-up time after pedicle flap repair was 49 months. There were no recurrent erosions allowing for preservation of the drainage implant with excellent intraocular pressure control. This study demonstrates the relative long-term safety and success of this novel technique.
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Glaucoma drainage devices (GDDs) are frequently used for the treatment of glaucoma. The Tube Versus Trabeculectomy Study demonstrated the long-term safety and efficacy of GDDs. [1] [2] [3] Additionally, 2 ongoing studies are evaluating the safety and efficacy of Ahmed valve implants vs Baerveldt implants. 4, 5 Medicare claims data between 1995 and 2004 demonstrate an 184% increase in GDD use (from 2728 in 1995 to 7744 in 2004). 6 Sequential surveys of the American Glaucoma Society membership showed the selection of GDDs as the preferred surgical approach in 8 clinical scenarios, an increase from 17.5% in 1996 to 50.8% in 2008. 7, 8 As more surgeons are depending on GDDs to manage glaucoma, there will be a commensurate increase in the number of short-term and long-term postoperative complications. [9] [10] [11] One of the more challenging postoperative complications to manage is tube erosion, especially in eyes that have extensive conjunctival scarring secondary to numerous ophthalmic surgical procedures. Huddleston et al 10 retrospectively evaluated eyes that underwent tube erosion repair and found that 45% of tube erosion repairs required an additional surgical repair, and in 15% of cases, the GDDs required removal. This group reported that patients with diabetes mellitus experienced a nearly 3 times higher risk for failing the revision than patients without diabetes mellitus. 10 Their experience underscores the challenging nature of these patients.
We have previously described a technique using an interpolated conjunctival pedicle flap as a novel approach to repair eroded GDD tubes. 12 After performing this technique for several years, we now report both the relative long-term safety and efficacy of this procedure on a greater number of patients, as well as a major improvement in the procedure, the split-lid technique (useful when access to the fornix is difficult).
METHODS
After obtaining institutional review board approval, we retrospectively reviewed the medical records at Glaucoma Associates of Texas and identified 15 eyes of 14 sequential patients (10 female and 4 male) who presented with GDD tube erosions in the setting of extensively scarred conjunctiva. The mean age was 72.8 years (range, 56-83 years). Twelve of the 14 patients were white. Onethird of the patients had diabetes mellitus and 13.3% were diagnosed as having an autoimmune disease. The types of glaucoma, tube, patch, and prior procedures are noted in Table 1 and Table 2 .
On presentation, 9 of the 14 patients (64.3%) were functionally monocular with hand motion vision or worse in their fellow eye. The mean time from the initial glaucoma implant surgery to erosion was 42 months (range, 4-144 months). Twelve of 15 eyes (80%) had undergone 4 or more surgical procedures (Table 1 and Table 2 ). All of the patients included in this series had sufficiently scarred conjunctiva to the extent that the surgeons felt direct conjunctival closure would not have been successful.
SURGICAL PROCEDURE
A traction suture was passed through the peripheral cornea and the globe rotated to maximize access to the exposed tube ( Figure 1A) . The tube was freed from the surrounding scar tissue without dislodging or cutting the tube. After debriding the scarred unhealthy conjunctiva, dissection was carried out to undermine the surrounding conjunctiva to create a 2-mm cuff of healthy tissue, under which the patch graft was secured ( Figure 1B) . With wet-field cautery, any potential epithelial cells along or near the limbal insertion of the tube were destroyed. A partialthickness piece of donor cornea was secured over the tube with interrupted 7.0 polyglactin sutures. It is useful to tuck the patch graft under the cuff of healthy conjunctiva surrounding the tube ( Figure 1C ). Attention was then turned to harvesting the conjunctival flap.
The lid was double everted to allow access to the forniceal conjunctiva (Figure 2A) . If the forniceal exposure was limited, the eyelid was split vertically to the apex of the tarsus for access to the fornix, an improvement from our original experience ( Figure 3A) . A surgical pen was used to outline the pedicle flap in a 3:1 ratio of length to width. Lidocaine with epinephrine was injected beneath the outlined conjunctival flap to assist with dissection of the flap and hemostasis. When first learning this technique, it is best to err on making the flap larger to ensure sufficient tissue is available for adequate coverage. The conjunctival pedicle flap is interpolated onto the corneal patch and sewn to the limbus and surrounding conjunctiva with several interrupted polyglactin sutures ( Figure 2B and Figure 3B ). No sutures are necessary for the conjunctiva posterior to the exposed tube as these structures will heal by primary intent.
POSTOPERATIVE VISITS
After surgery, all patients were prescribed a topical antibiotic ophthalmic drop for 1 week. Glaucoma medications and topical steroids were used at the discretion of the individual surgeon. Patients were evaluated at postoperative day 1, 7, and 30. Afterwards, they were followed up regularly on 3-month to 6-month intervals.
OUTCOME MEASURES
The primary outcome measure was the recurrence of an erosion following the forniceal conjunctival flap. Secondary outcomes were visual acuity and intraocular pressure control. A unique aspect of our tertiary referral practice is the nontransient nature of our patient population and the ability for long-term follow-up.
RESULTS
All patients presented to the practice with tube erosions. Figure 4 demonstrates the typical appearance of patients in this case series (patient 7). Figure 4 demonstrates this patient's uneventful postoperative course during the first 14 months.
A forniceal conjunctival pedicle flap was successfully performed in all 15 cases. A corneal patch graft was used in 8 of the repairs and pericardium was used in 7 of the repairs. There were no intraoperative or postoperative complications. Three of the 15 cases required that the lid be surgically split to provide adequate exposure and access to the forniceal conjunctiva. The lid incision in these 3 cases healed with minimal to no cosmetic morbidity.
The mean follow-up time after repair with the pedicle flap was 49 
months (range, 3-156 months).
Twelve eyes had at least 12 months of follow-up and 10 eyes had follow-up longer than 18 months. During the follow-up period, there were no recurrences of tube erosions and the conjunctival flap maintained a healthy appearance. Case 14 underwent several surgical procedures following a pedicle flap, including several corneal transplants and a keratoprosthesis. After 156 months of follow-up, this eye had very thin conjunctiva over the tube from the prior pedicle flap and was at very high risk for erosion. Although this patient has not had a repeat erosion, we are monitoring him closely to ensure one does not occur. As seen in Table 1 and Table 2 , therewasnomajordifferencebetween the following preoperative and postoperative values: visual acuity, intraocular pressure, and number of glaucoma medications. In case 8, the patient's vision decreased from 20/200 to counting fingers; however, this was owing to issues not directly related to the erosion repair. The patient's vision declined after undergoing a partial tarsorrhaphy,whichwasrequiredtotreat her exposure keratopathy from radiation orbitopathy. Table 1 and Table 2 summarizetheclinicalfeaturesofeach patient as well as the follow-up course. During the follow-up period, no patients experienced diplopia or any other direct adverse events related to the pedicle flap.
DISCUSSION
Tube erosions are an infrequent occurrence; however, when they occur, they are challenging to manage and may lead to endophthalmitis, device extrusion, and even epithelial downgrowth. [13] [14] [15] Preoperatively, the conjunctiva should be inspected and, if the erosion is small and the surrounding conjunctiva appears healthy with redundancy, repair with a partial thickness corneal patch over the tube and direct conjunctival closure is indicated. However, most times, the surrounding conjunctiva is thin, scarred, scarce, and avascular owing to numerous previous surgical procedures (as noted in 80% of our cases). Preoperatively, one must also assess the eyelids. It is important to perform a simple distraction test on the eyelid overlying the exposed tube to determine lid laxity and assess availability and access to the conjunctival fornix. If the lid is very tight and immobile, one should be prepared to split the lid to access the fornix.
Pedicle flaps allow the importation of distal, vascularized tissue to an area lacking this essential ingre- dient of surface protection. [16] [17] [18] Pedicle flaps are ideal when attempting to salvage an exposed glaucoma tube and adequate conjunctiva surrounding the tube is unavailable.
Pedicle flaps should have a 3:1 ratio, length to width. 16 We have rotated flaps 60Њ to 120Њ, preferring to recruit them from the conjunctival fornix (whilerespectingandavoidingthelacrimal gland ducts when they are near the flap pedicle or base). When planning the flap, the base should be near, but not on, the drainage plate. Flaps from the lower fornix can be used to coversuperiortubeexposuresandvice versa. Underlying Tenon tissue can be included in the proximal arm of the conjunctival flap to increase the distal flap's vascularity and integrity. We generally advance and interpolate the flapsoverconjunctivasurroundingthe exposed tube rather than inlay the flap through surrounding conjunctiva. Althoughtheconjunctivaoriginatesfrom the fornix, we have not observed a symblepharon or other abnormal scar formation. Patients were examined at every visit to ensure proper healing of the pedicle flap. Patients who underwent the split-lid technique did not have traction placed on their upper lid until postoperative month 1. Despite their tight orbits, one could appreciate the health of the flap.
Given the complexity of these cases, it is best to have both the glaucoma and oculoplastic specialist involved in the surgical repair. Because flap harvesting requires a relatively wide exposure of conjunctiva, it is sometimes necessary to split the eyelid vertically near the exposed tube to gain adequate exposure to the forniceal conjunctiva. In this case series, the lid-spitting technique was necessary for 3 of the 15 eyes. Primary closure of a surgical lid incision is routinely performed by oculoplastic specialists and can be performed predictably and reliably with no intraoperative or postoperative morbidity. In fact, in our case series, it was often difficult to detect which lids had in fact been split after 6 months of follow-up.
We have not had a single recurrence of a tube erosion after performing a conjunctival pedicle flap. Prior to the development of the forniceal conjunctival pedicle flap, we often used an autologous conjunctival patch graft harvested from a different quadrant in the same eye or from the patient's fellow eye. Because these free conjunctival grafts lacked adequate blood supply, they occasionally reeroded. Moreover, these free conjunctival grafts often came from quadrants that might need to be used for future glaucoma surgical procedures.
The goal of this study was to demonstrate the relative long-term safety and efficacy of the forniceal conjunctival pedicle flap. This study had limitations typical of other retrospective medical record reviews. Given the relatively low frequency of tube erosions, even in a high-volume tertiary referral center, it is not feasible to perform a prospective randomized trial validating this technique.
In conclusion, tube erosions are a very challenging problem to manage, especially in eyes that have undergone several surgical interventions. As demonstrated by the retrospective review of our clinical data over the past 10 years, the forniceal conjunctival pedicle flap is a safe, effective, and successful technique to solve this problem longterm. Moreover, it preserves the function of the previously placed tube and does not disturb adjacent quadrants, maintaining availability for future glaucoma surgery.
